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Abstract
This study brings together data on the distribution of the 16 priority polycyclic aromatic hydrocarbons (PAHs) in
three locations from Transylvania (Cluj Napoca, Jucu and Seica Mare), collected during 2012-2014. PAHs were
determined by high performance liquid chromatography using an Agilent 1100 system with fluorescence detection, able
to separate the target PAHs in less than 30 minutes. The total PAHs concentrations ranged from 4.43 to 11.74 μg/kg, the
highest recorded values being for fluorene (9.02 μg/kg), benzo (b) fluoranthene (2.85 μg/kg) and benzo (a) anthracene
(2.16 μg/kg); the highest soil contamination was established for samples originating from Seica Mare (11.74 μg/kg) and
from Cluj Napoca, the major contributors being historical pollution and car traffic. Based on the obtained values, the
studied soils can be considered in the category of uncontaminated soils.
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1. Introduction
PAHs are among persistent pollutants: they
can not be removed or destroyed from matrices they
contaminate. The most important cause of anthropic
pollution with polycyclic aromatic hydrocarbons
(PAHs) is the incomplete combustion caused by
fossil fuels’ burning in power plants, waste
incineration, industrial activity (rubber, chemical,
petrochemical), heating, motor vehicle engines, loss
of oil or other petroleum products, etc. [6, 15]. Their
bioaccumulation in plants and animals body poses a
risk to public health [4]. Eating is the main route of
exposure to PAHs, exceeding the share other routes
such as inhalation and skin contact. PAHs are
mutagenic and carcinogenic substances, hazardous
not only because of their harmful effects, but also
because of their tendency to accumulate in the food
chain [1, 12, 13].
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Of the hundreds of PAHs, sixteen were
identified as priority pollutants by the
Environmental Protection Agency of the United
States of America [12]. Some PAHs may be
associated with certain pollution sources [5, 10, 14].
From the structural point of view, PAHs are non-
polar organic compounds composed of two or more
fused benzene rings. They are hydrophobic
substances characterized by a high coefficient
octanol-water; generally, with increasing number of
benzene rings and hence the molecular weight,
decreases their water solubility, biodegradability
and volatility, increasing toxicity [2, 8]. Because of
their hydrophobic character and persistence, PAHs
can accumulate in the soil, so that soil
contamination with PAHs can be considered to be
an indicator of environmental pollution as a result of
human activity; hence, research on soil
contamination with PAHs have become an integral
part of the strategies to evaluate the human exposure
risk [3, 16]. PAHs’ presence in the environment has
become increasingly important due to the use of
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wastewater for irrigation, the use of sludge as
fertilizer and due to pollution caused by automobiles
and industrial activities [7, 9, 11, 15].
The aim of the presented research was to
determine the contamination level of soil with PAHs
in three locations, one with historical pollution with
carbon black caused by former S.C. Carbosin S.A.
Copşa Mica, located in Seica Mare (46°01’51” N/
24°09’38” E), another one contaminated from
diffuse sources (car traffic), located in Cluj-Napoca
(46°45’57’’ N/ 23°34’01” E) and a reference,
unpolluted experimental field of USAMV Cluj-
Napoca situated on the hill west of the Jucu village
(46°52’16” N/ 23°45’32” E). Investigations were
extended over three years, between 2012-2014..
2. Material and Method
Sampling, sample processing and samples’
preservation up to the analysis time were all
according to actual requirements (EU nr.333, 2007;
EU nr. 836, 2011). Soil samples from each location
were sampled from 0-20 cm horizon, being then
stored in polyethylene bags; all were properly
labeled, sealed and transported in the laboratory,
where stones and plant traces were removed. They
were then dried, crushed and screened (ISO 11464,
2006), then about 20 g soil were accurately weighed
using a Shimadzu AW 320 analytical balance
(Shimadzu, Japan) in 250 ml Berzelius beakers, in
which then were added 100 ml mixture hexane:
acetone (2: 1); the beakers were placed in an
ultrasonic bath Elmasonic S 60 (Elma, Germany),
being onicated for 30 minutes at room temperature.
The resulting suspension was filtered, dried over
anhydrous sodium sulfate (Merck, Darmstad,
Germany) and evaporated to dryness in a rotary
evaporator IKA RV 05 ST (IKA®-Werke GmbH &
Co. KG, Germany). The residue was dissolved in 2
ml acetonitrile, filtered through a filter membrane
with 0.47 μ pores, then injected into the HPLC
system.
The chromatographic analysis was carried
out on a modular Agilent 1100 system (Agilent
Technologies Inc., Palo Alto, USA), constituted by
a degasser, a quaternary pump, an automatic
injector, a column thermostat, a photodiode array
detector and a fluorescence detector; using a PP
Envirosep column (125 x 4.6 mm), with a mobile
phase being a mixture of acetonitrile: water (45:55
v/v), at a flow rate of 1.5 ml /min, using an injection
volume of 20 μ L, separations of PAHs were
accomplished in less than 30 min (figure 1). The
identity of the chromatographic peaks was
determined both by the retention times and by using
the reference library spectra to confirm the spectra
acquired by photodiode array detector
Figure1. HPLC chromatogram of the standards mixture used for calibration
Quantitative chromatographic analysis was
performed by external standard method, using five
different concentrations in the range of 0.01-40
μg/kg, the correlation coefficients of the regression
curves for all monitored PAHs being over 0.995
(figure 2). Recoveries were determined for each
PAH, using samples fortified with known amounts
of PAH; values are within the range 87-103%.
The detection limits for PAHs are between 0.0004
μg/kg for benzo(k)fluoranthene and 0.0143 μg/kg for
naphthalene. The results are reported both individually
(for each PAH) and cumulative (as total PAHs).
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Figure 2. HPLC calibration for benzo(a)anthracene, benzo(a)pyrene, chrysene and dibenzo(a)anthracene
Reference PAHs’ solutions (Agilent PN
8500-6035, Agilent Technologies, Inc., Palo Alto,
USA) were utilized for preparation of calibration
solutions, by dilution with acetonitrile; the reference
PAH mixture contains the 16 EPA’s priority PAHs:
acenaphthene, acenaphthylene, anthracene, benzo
(a) anthracene, benzo (b) fluoranthene, benzo (k)
fluoranthene, benzo (g, h, i) perylene, benzo (a)
pyrene, chrysene, dibenzo (a, h)anthracene,
fluoranthene, fluorene, indeno (1,2,3-c, d) pyrene,
naphthalene, phenanthrene and pyrene.
Ultrapure water was used for dilutions and
mobile phase preparation (18,2 MΩ/ cm), being
prepared with a Direct Q 3UV Smart system
(Millipore, Schwalbach, Germany).Solvents used
for extraction and for high performance liquid
chromatography were all HPLC grade (Merck,
Darmstad, Germany). The HPLC system’s control,
the data acquisition and primary processing of
chromatographic data were performed using
Chemstation software 08.03.
The matrix of quantitative data was
processed in Microsoft Excel 2003 (Microsoft) for
statistical calculations (arithmetic mean, standard
deviation).
3. Results and Discussions
Chromatographic profiles of PAH from the
studied soils differs significantly (Tables 1-3).
From the 16 priority PAH pollutants,
acenaphthylene, benzo(k)fluoranthene, chrysene,
fluoranthene, phenanthrene and pyrene were not
detected in any of the analyzed samples.
Naphthalene, benz(a)anthracene and
benzo(b)fluoranthene are the major soil
contaminants for Cluj-Napoca location (Table
1).
Table 1. Average content of PAH [μg/kg] from soil samples from Cluj-Napoca
PAH 2012 2013 2014 Average Standard deviation
Naphthalene 1.39 1.25 1.05 1.23 0.17
Acenaphthene 0.12 0.09 0.18 0.13 0.05
Fluorene 0.19 0.11 0.25 0.18 0.07
Anthracene 0.12 0.15 0.37 0.21 0.14
Benzo(a)anthracene 1.04 0.95 2.16 1.38 0.67
Benzo(b)fluoranthene 1.26 1.03 2.85 1.71 0.99
Benzo(a)pyrene 1.18 1.01 0.79 0.99 0.20
Dibenzo(a,h)anthracene 0.48 0.16 0.59 0.41 0.22
Benzo(g h i)perylene 0.43 0.33 0.27 0.34 0.08
Indeno(1,2,3-c,d)pyrene 0.65 0.41 0.24 0.43 0.21
T O T A L 6.86 5.49 8.75 7.03 1.64
* N.D. – Not detected
The soil originating from Jucu has fluorene as
the major PAH contaminant and naphthalene,
acenaphthene, benzo(a)pyrene and
benzo(b)fluoranthene were not detected (Table 2).
.
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Table 2. Average content of PAH [μg/kg] from soil samples from Jucu
PAH 2012 2013 2014 Average Standard deviation
Fluorene 6.19 5.49 3.24 4.97 0.65
Anthracene 0.1 0.31 0.17 0.19 0.11
Benzo(a)anthracene 0.27 0.56 0.21 0.35 0.19
Benzo(b)fluoranthene 0.11 0.07 0.19 0.12 0.06
Benzo(g h i)perylene 0.02 0.05 0.11 0.06 0.05
Indeno(1,2,3-c,d)pyrene 0.44 0.59 0.51 0.51 0.08
T O T A L 7.13 7.07 4.43 6.21 0.82
Soil samples originating from Seica Mare
location revealed also a higher fluorene content,
while acenaphthene and benzo(k)fluoranthene were
not detected (Table 3).
Table 3. Average content of PAH [μg/kg] from soil samples from Şeica Mare
PAH 2012 2013 2014 Average Standard deviation
Naphthalene 0.62 0.51 0.35 0.49 0.14
Fluorene 9.02 7.12 4.25 6.80 2.40
Anthracene 0.03 N.D. N.D. - -
Benzo(a)anthracene 0.57 0.82 0.62 0.67 0.13
Benzo(b)fluoranthene 0.49 0.37 0.29 0.38 0.10
Benzo(a)pyrene 0.28 0.35 0.16 0.26 0.10
Dibenzo(a,h)anthracene 0.03 N.D. N.D. - -
Benzo(g h i)perylene 0.27 0.41 0.22 0.30 0.10
Indeno(1,2,3-c,d)pyrene 0.43 0.52 0.31 0.42 0.11
T O T A L 11.74 10.1 6.2 9.35 2.85
Up to the present, in Romania there are no
regulations limiting the PAHs’ concentrations in
soils. According to an older classification proposal
based on the overall contamination of soils with
PAHs (Maliszewska-Kordybach, 1996), there are
three soil types: uncontaminated (<200 μg/kg),
average-contaminated (200-600 μg/kg),
contaminated (600-1000 μg/kg) and very
contaminated (>1 mg/kg). The studied soils can be
considered in the category of uncontaminated soils.
Contamination with PAHs is characterized
by the large share of low molecular weight PAHs,
the most contaminated locations being that from
Cluj Napoca and Seica Mare, the major contributors
being historical pollution and car traffic;
additionally, for Seica Mare the practice of stubble
burning brings constantly PAHs inputs in soils. The
low concentrations of PAHs in samples from Jucu
can be explained by the lack of major sources of
contamination in the area; the car traffic and the
potentially PAH generating industrial activity is
missing.
4. Conclusions
The use of low power microwave irradiation
in The total PAHs concentrations ranged from 4.43
to 11.74 μg/kg, the highest recorded values being
for fluorene (9.02 μg/kg), benzo (b) fluoranthene
(2.85 μg/kg) and benzo (a) anthracene (2.16 μg/kg);
the highest soil contamination was established for
samples originating from Seica Mare (11.74 μg/kg)
and from Cluj Napoca, the major contributors being
historical pollution and car traffic.
Based on the obtained values, the studied
soils can be considered in the category of
uncontaminated soils.
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